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Abstract

Background: Due to the specific arrangement of left ventricular (LV) muscle fibers, the apex and base of the LV rotate in opposite
directions under healthy conditions, resulting in LV twist. However, in certain, primarily pathological, conditions, LV twist is absent,
and the base and apex of the LV rotate in the same direction, either counterclockwise (CCW) or clockwise (CW); this motion is known
as LV rigid body rotation (RBR). In the literature, no clear associations have currently been identified between LV rotational parameters
and aortic valve annulus (AVA) dimensions in healthy adults. Thus, this study aimed to compare AVA dimensions in the presence of
LV-RBR with those in cases with normally directed LV rotational mechanics (ND-LVrot) under healthy conditions. Methods: This
investigation included 110 healthy subjects, of whom 100 had ND-LVrot (mean age: 35.6 + 12.0 years; 61 males) and 10 had LV-RBR
(mean age: 35.4 + 11.3 years; 7 males). The presented investigation is part of the “Motion Analysis of the heart and Great vessels bY
three-dimensionAl (3D) speckle-tRacking echocardiography (3DSTE) in Healthy subjects” (MAGYAR-Healthy) Study. Results: No
differences in AVA dimensions were present between individuals with ND-LVrot and those with LV-RBR at the group level. However,
CCW-LV-RBR cases exhibited dilated end-systolic AVA dimensions compared with both ND-LVrot and CW-LV-RBR subjects. AVA
plane systolic excursion (AAPSE) was significantly impaired in CW-LV-RBR cases compared with CCW-LV-RBR cases. Basal LV
strains did not differ significantly among healthy cases with ND-LVrot, CW-LV-RBR, and CCW-LV-RBR. Conclusions: Although AVA
dimensions and AAPSE did not differ between ND-LVrot and LV-RBR cases at the overall group level, significant differences in AVA
dimensions and AAPSE were observed between LV-RBR cases with CW and CCW rotational directions.
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1. Introduction plane systolic excursion (AAPSE), which reflects the asso-
ciated longitudinal excursion within the three-dimensional
(3D) space, are observed in the presence of LV-RBR. The
primary advantage of 3D speckle-tracking echocardiogra-
phy (3DSTE) is the associated capacity of the approach
to quantify LV rotational mechanics simultaneously, and
AVA dimensions, for which established normal reference
values are available [12,16,17,18,19]. Therefore, this study
aimed to evaluate how LV-RBR affects AVA dimensions
and AAPSE by comparing healthy individuals exhibiting
this mechanics with healthy controls with normally directed
LV rotational mechanics (ND-LVrot).

The left ventricle (LV) is the engine of the central cir-
culation, whose pumping activity can be characterized by
numerous parameters. Owing to the unique orientation of
the LV myocardial fibers, the base and apex rotate in oppo-
site directions under physiological conditions, generating
the phenomenon of LV twist [1,2,3,4,5,6,7,8,9,10]. How-
ever, in certain, primarily pathological, conditions, LV twist
is absent, and the LV apex and base rotate in the same direc-
tion, either counterclockwise (CCW) or clockwise (CW),
a phenomenon known as LV rigid body rotation (RBR)
[8,9,10,11]. Notably, according to the literature, LV-RBR
is also observed in approximately 6% of healthy individu-

als [12].

The aortic valve serves as the anatomical boundary be-
tween the LV and the aorta and consists of a fibrous an-
nulus (aortic valve annulus (AVA)) and three thin semilu-
nar leaflets [13,14]. In a recent study, no clear associations
were found between LV rotational features and AVA size in
healthy individuals [15]. However, one question remained
unanswered: whether differences in AVA sizes and AVA

2. Subjects and Methods
2.1 Population of Healthy Subjects

This investigation included 110 healthy subjects, of
whom 100 had ND-LVrot (mean age: 35.6 £ 12.0 years; 61
males), while 10 had LV-RBR (mean age: 35.4+11.3 years;
7 males). Participants were voluntarily enrolled between
2011 and 2017. Each subject underwent a comprehensive
clinical evaluation, including physical examination, labo-
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ratory screening, 12-lead electrocardiography (ECG), and
standard two-dimensional (2D) Doppler echocardiography
supplemented with 3DSTE. All findings were negative,
with parameters falling within established normal reference
ranges. Furthermore, no known disorders, pathologies, or
abnormalities were reported in the medical histories of the
participants. Moreover, none of the participants were regu-
lar medication users, smokers, athletes, pregnant, or obese
(body mass index >30 kg/m?). The present investigation
is part of the “Motion Analysis of the heart and Great ves-
sels bY three-dimensionAl speckle-tRacking echocardiog-
raphy in Healthy subjects” (MAGYAR-Healthy) Study (the
term “Magyar” refers to “Hungarian” in the Hungarian lan-
guage), which partly aimed to investigate cardiac physiol-
ogy under healthy conditions. The study was approved by
the Institutional and Regional Human Biomedical Research
Committee of the University of Szeged, Hungary (registra-
tion number 71/2011), with the latest approval granted on
17th March, 2025. This research adhered to the 2013 re-
vision of the Declaration of Helsinki, and all subjects pro-
vided written informed consent before enrollment.

2.2 Two-dimensional Doppler Echocardiography

All echocardiographic analyses were performed us-
ing a Toshiba Artida® ultrasound system (Toshiba Medical
Systems, Tokyo, Japan) equipped with a PST-30BT (1-5
MHz) phased-array probe. The diagnostic protocol com-
prised assessment of LV dimensions and LV ejection frac-
tion (EF) via the modified Simpson biplane method, as well
as measurement of left atrial (LA) dimensions. Addition-
ally, Doppler echocardiography was used to exclude sig-
nificant valvular pathology and to measure E and A wave
velocities [20].

2.3 Three-dimensional Speckle-tracking
Echocardiography

The 3DSTE analysis was performed using a two-
step process [16,17,18,19]. Initially, 3D echocardiographic
datasets were digitally acquired with a Toshiba Artida®
system equipped with a 3D-capable PST-25SX matrix-
array transducer. To optimize image quality, imaging pa-
rameters, including magnitude and gain, were meticulously
adjusted before digital acquisition of 3D datasets from the
apical window. To maintain stable R-R intervals, data were
obtained during held end-expiration in all healthy partici-
pants. A full volume dataset was then generated by auto-
matically stitching together six subvolumes acquired over
six consecutive heart cycles.

In the second step, offline analysis was performed us-
ing dedicated, vendor-specific software (version 2.7, 3D
Wall Motion Tracking, UltraExtend; Toshiba Medical Sys-
tems, Tokyo, Japan). Simultaneous analyses included LV
and AVA. Image quality was qualitatively assessed based
on the clarity of the endocardial border definition across
all segments in all cases. Datasets with significant acoustic

dropout or stitching artifacts that impeded tracking were ex-
cluded from the analysis. Overall image quality was graded
using a 5-point Likert scale (1: poor, 5: excellent), with a
minimum score of 3 required for inclusion.

For LV assessment, the software generated a 3D LV
model/cast, from which LV rotational parameters and vol-
umes were measured. The software automatically gener-
ated apical 2-chamber (AP2CH) and 4-chamber (AP4CH)
long-axis LV views, as well as apical, midventricular, and
basal LV cross-sectional views. After manual definition of
the edges of the septal and lateral LV and mitral annulus
(MA) and endocardium of the LV apex, a sequential analy-
sis was performed. LV twist was calculated as the net differ-
ence between basal and apical LV rotations (Fig. 1) [12]. In
cases of LV-RBR, where physiological LV twist is absent,
the LV apico-basal gradient was calculated as the difference
between LV rotations in the same direction (CW or CCW)
[11]. Additionally, basal segmental longitudinal (LS), cir-
cumferential (CS), and radial (RS) strains were measured to
assess LV thickening/thinning, shortening/lengthening, and
narrowing/widening of the LV [21,22,23].

AVA dimensions were determined using AP4CH and
AP2CH long-axis views, ensuring that the longitudinal
planes were oriented parallel to the midline of both the aor-
tic root and aortic valve. The C7 cross-sectional view, posi-
tioned perpendicular to this plane, was used to measure end-
diastolic and end-systolic dimensions, including the mini-
mum and maximum AVA diameters (AVA-Dmin and AVA-
Dmax, respectively), AVA perimeter (AVA-P), and AVA
area (AVA-A), all obtained from planimetric images. Pre-
cise care was taken to maintain the C7 cross-sectional view
strictly perpendicular to the longitudinal axis, thereby pre-
venting measurement errors associated with the inclusion of
the sinuses of Valsalva or the LV outflow tract. Addition-
ally, the spatial displacement of the AVA plane throughout
the cardiac cycle, referred to as AAPSE, was also quantified
(Fig. 2) [24,25,26].

2.4 Statistical Analysis

Results are reported as the mean + standard devia-
tion for continuous variables and as n (%) for categorical
variables, as appropriate. A p-value < 0.05 was consid-
ered statistically significant. Normality of continuous vari-
ables, such as AVA dimensions and AAPSE, was assessed
using the Shapiro—Wilk test, and homogeneity of variances
was assessed using Levene’s test. Depending on the data
type, Fisher’s exact test or Student’s ¢-test was employed for
categorical and continuous variables, respectively. Intra-
observer and inter-observer agreements were tested by intr-
aclass correlation coefficients (ICCs). Data were analyzed
using the SPSS statistical package, version 29.0.0.0 (IBM
Corp., Armonk, NY, USA).
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Fig. 1. Assessment of the left ventricular rotational mechanics by three-dimensional speckle-tracking echocardiography. Quan-

tification of left ventricular (LV) rotational mechanics via three-dimensional speckle-tracking echocardiography (3DSTE) in a healthy

subject presents apical four-chamber (A) and two-chamber (B) long-axis views, along with short-axis views at basal (C3), midventricular
(C5), and apical (C7) LV levels. These are shown alongside a 3D LV cast (D) and calculated LV volumes (E), while LV apical (yel-

low arrow) and basal (dashed yellow arrow) regions with corresponding time-LV rotation curves (coloured curves) are presented with

the time-LV volume change curve (dashed white curve) during the heart cycle (F). Abbreviations: ESV, end-systolic volume; EDV,

end-diastolic volume; EF, ejection fraction; RV, right ventricle; RA, right atrium; LV, left ventricle; LA, left atrium.

3. Results
3.1 Clinical Data and 2D Doppler Echocardiography

This study includes a healthy population that overlaps
in part with cohorts described in prior publications from
the MAGYAR-Healthy Study. Clinical data are presented
in Table 1. All 2D echocardiographic metrics were within
normal limits, including parameters such as LA diameter
(37.3 + 3.8 mm), end-diastolic and end-systolic LV diame-
ters (48.2 = 3.8 mm and 32.1 + 3.2 mm, respectively) and
volumes (107.1 +23.8 mL and 38.1 £9.3 mL, respectively),
interventricular septal thickness (9.3 = 1.3 mm), LV pos-
terior wall thickness (9.5 £ 1.5 mm), and LV-EF (64.7 £+
4.0%). Diastolic transmitral E and A inflow velocities were
78.2 £ 16.7 cm/s and 59.3 £ 14.2 cm/s, respectively. None
of the individuals exhibited valvular regurgitation of grade
1 or higher, or any significant valvular stenosis. Visual as-
sessment confirmed the absence of wall motion abnormali-
ties in all subjects.

3.2 Quality of 3DSTE-derived Datasets

The quality distribution of the included 3D datasets
was as follows: 35% excellent, 40% good, and 25% fair.

&% IMR Press

The mean image quality score was 3.8 = 0.7, indicating a
robust dataset for parameter optimization.

3.3 Statistical Tests

Normality and homogeneity tests confirmed that the
AVA dimensions and AAPSE were normally distributed
(Shapiro—Wilk test), justifying the use of independent z-
tests.

3.4 AVA Parameters

AVA-A was greater in end-diastole in 29 cases (29%)
and in end-systole in 62 subjects (62%), while end-diastolic
and end-systolic AVA-A values were equal in nine cases
(9%) among healthy individuals with ND-LVrot. In 10 in-
dividuals with LV-RBR, three (30%) had a larger AVA-A in
end-diastole, a proportion similar to that in subjects with
ND-LVrot (29% vs. 30%; p = ns). However, all three
of these LV-RBR individuals had CW-LV-RBR. No differ-
ences in AVA dimensions were found between subjects with
ND-LVrot and LV-RBR cases at the group level. Nonethe-
less, CCW-LV-RBR cases showed dilated end-systolic AVA
dimensions compared with both CW-LV-RBR cases and in-
dividuals with ND-LVrot. AAPSE was significantly lower
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Fig. 2. Evaluation of aortic valve annular geometry via three-dimensional speckle-tracking echocardiography. Assessment of

aortic valve annular (AVA) dimensions in apical four-chamber (A) and two-chamber (B) long-axis views by three-dimensional speckle-

tracking echocardiography. ‘En-face’ view of the AVA is also presented in C7 cross-sectional view. Abbreviations: LV, left ventricle;

Dist B and C, maximum and minimum AVA diameters; Circ, AVA perimeter; area, AVA area; AVA, aortic valve annulus.

Table 1. Clinical and demographic data of healthy individuals with a normal pattern of left ventricular twist were compared

with those of individuals with rigid body rotation of the left ventricle.

All healthy subjects ND-LVrot ~ AllLV-RBR CCW-LV-RBR CW-LV-RBR

n 110 100 10 5 5
Male gender (%) 68 (62) 61 (61) 7 (70) 5(100) 2 (40)
Age (years) 356120 356+12.0 354+11.3 404 +12.6 304+6.8
Weight (kg) 753+£179 752+18.0 76.1+16.8 82.7+5.7 71.3+20.3
Height (cm) 1732+12.2 173.0+£12.5 175.6+8.1 182.3+3.9 170.5+6.5
Body surface area (m?) 1.92+£0.21 1.92+020 1.94+0.27 2.08 £0.07 1.86 £0.31
Body mass index (kg/m?) 24.1£2.0 240+ 1.7 24.8+2.2 25.0+2.1 24.6+23
Blood pressure at systole (mm Hg) 121.0+£4.3 121.3+£4.0 1209=+4.1 120.4+£4.5 121.4+4.0
Blood pressure at diastole (mm Hg) 73.1+£3.5 733+3.8 73.0+3.3 72.8 +3.1 73.1£3.5
Heart rate (bpm) 71.2+£25 70.9+2.3 713+25 71.1+£23 71.5+£2.6

Abbreviations: LV, left ventricular; ND-LVrot, normally directed left ventricular rotational mechanics; RBR, rigid body rotation;

CCW, counterclockwise; CW, clockwise.

in CW-LV-RBR cases than in those with CCW-LV-RBR.
Basal LV strains did not differ significantly among healthy
individuals with ND-LVrot, CW-LV-RBR, and CCW-LV-
RBR (Table 2).

3.5 Intra- and Inter-observer Variability of 3DSTE-derived
Variables

Intra-observer ICCs for AVA-Dmax-D, AVA-Dmin-D,
AVA-A-D, AVA-P-D, AVA-Dmax-S, AVA-Dmin-S, AVA-
A-S, AVA-P-S, AAPSE, basal LV-RS, basal LV-CS, and

basal LV-LS were 0.86, 0.90, 0.95, 0.92, 0.92, 0.81, 0.91,
0.92, 0.92, 0.83, 0.83, and 0.82, respectively. Inter-
observer ICCs for the same parameters were 0.87, 0.92,
0.95,0.93,0.93,0.83,0.93,0.93,0.92, 0.80, 0.79, and 0.79,
respectively.

4. Discussion

The physiological hallmark of LV rotational mechan-
ics is that, in healthy subjects, the apex rotates CCW and
the base rotates CW during the cardiac cycle [6,7,8,9,10].
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Table 2. Assessment of annular sizes of the aortic valve, longitudinal displacement, and regional deformation of the left

ventricle in healthy individuals with a normal pattern of left ventricular twist compared to those with rigid body rotation of the

left ventricle.

All healthy subjects ND-LVrot AllLV-RBR  CCW-LV-RBR CW-LV-RBR

(n=110) (n=100) (n=10) (n=5) n=5)
AVA-Dmax-D (cm) 2.01 £0.31 2.01+0.29 2.05+0.43 2.12+£0.21 1.98 £0.56
AVA-Dmin-D (cm) 1.81+0.29 1.82+0.29 1.78+0.29 1.90+0.14 1.66 £0.34
AVA-A-D (cm?) 3.12+0.84 3.12+0.82 3.10+£0.96 3.40 +£0.48 2.80£1.19
AVA-P-D (cm) 6.29 +0.86 6.29+0.83 6.26+1.12 6.62+0.41 5.90+1.44
AVA-Dmax-S (cm) 2.05+£0.29 2.04+£029 2.11+0.25 2.28+0.15 1.94+£0.21
AVA-Dmin-S (cm) 1.86 £0.28 1.86 £0.27 1.95+0.28 2.12 £0.15%7F 1.78 £0.28
AVA-A-S (cm?) 3.34+0.85 332+£0.84 3.54+0.88  4.12+0.53%F7 2.96 +£0.78
AVA-P-S (cm) 6.49 +0.84 6.47+0.83 6.71+£0.87 7.28+0.45%*f++ 6.14£0.81
AVA-A is larger in end-diastole 32(29) 29 (29) 3(30) 0 (0)TTT 3 (60)
AAPSE (cm) 1.16 £ 0.30 1.15+£031 1.18+0.13  1.28 +£0.07+++ 1.08£0.10
Basal LV-RS (%) 32.7+11.9 327+12.1 333+9.8 33.7+9.8 33.0+£9.9
Basal LV-CS (%) -26.0+5.0 -26.0+5.1 -263+35 -252+4.7 -27.5+0.6
Basal LV-LS (%) -203+44 -20.3+44 -208+4.6 -22.0+4.5 -19.6 +4.4

*p = 0.04 vs. ND-LVrot, **p = 0.03 vs. ND-LVrot, 1p = 0.02 vs. CW-LV-RBR, 11p = 0.05 vs. CW-LV-RBR, t11p = 0.04
vs. CW-LV-RBR, 1111p = 0.01 vs. CW-LV-RBR. Abbreviations: ND-LVrot, normally directed left ventricular rotational

mechanics; AVA, aortic valve annulus; AAPSE, AVA plane systolic excursion; Dmin, minimum diameter; Dmax, maximum

diameter; P, perimeter; A, area; D, end-diastolic; S, end-systolic; LV, left ventricular; RS, radial strain; CS, circumferential

strain; LS, longitudinal strain; RBR, rigid body rotation; CCW, counterclockwise; CW, clockwise.

This counter-directional motion, analogous to wringing out
a towel, generates LV twist, which is defined as the net dif-
ference between apical and basal LV rotations. This mo-
tion accounts for approximately 40% of ejection; the asso-
ciated physiological basis lies in the crossed-helical archi-
tecture of the myocardium, specifically the opposing orien-
tation of the oblique fibers: the subendocardial fibers fol-
low a right-handed helix, whereas the subepicardial fibers
form a left-handed helix. This arrangement creates the
mechanical leverage necessary for efficient LV twisting
[1,2,3,4,5,6,7,8,9,10]. However, in several pathologies,
LV rotational mechanics may be absent or abnormal, such
that either the LV base or the LV apex moves in a direc-
tion different from the physiological direction [11]. This
phenomenon is called LV-RBR and can be CW- or CCW-
directed. Movement of the LV base in the CCW direc-
tion is termed CCW-LV-RBR, whereas CW rotation of the
LV apex is referred to as CW-LV-RBR [11]. According to
the literature, LV-RBR is most commonly observed in the
presence of LV noncompaction, cardiac amyloidosis, and
acromegaly, but it is also present in approximately 6% of
healthy individuals [12]. Current echocardiographic guide-
lines clearly recommend 3DSTE for determining this mo-
tion [27], whose normal reference values have also been de-
fined; the associated age- and gender-dependent nature has
been demonstrated [12]. Overall, 3DSTE is a validated and
useful procedure for determining LV rotational parameters
[28,29,30,31,32].
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The AVA is an essential component of the aortic valve
and is closely related to both the aorta and the adjacent LV
[13,14]. Approximately 60% of subjects exhibit a larger
end-systolic AVA-A, whereas the end-diastolic AVA-A is
greater in about 30% of cases [25,33]. The clinical utility
of 3D echocardiography for determining AVA dimensions
is well-established, and standardized normal reference val-
ues are available for 3DSTE-derived parameters [25,34].
A recent study found no clear association between ND-
LVrot and AVA dimensions [15]. However, whether these
findings are preserved in healthy individuals exhibiting LV-
RBR remains unclear.

The findings of this study have several implications.
First, both LV rotational mechanics, including LV-RBR,
and AVA dimensions can be evaluated simultaneously from
the same 3D datasets in physiological studies, as previously
demonstrated in the MAGYAR-Healthy Study. Second, the
proportion of individuals with a greater end-diastolic AVA-
A was similar between healthy subjects with ND-LVrot and
those in the LV-RBR group. However, all LV-RBR in this
context proved to be CW-oriented. Third, AVA dimen-
sions and the spatial displacement of the AVA throughout
the heart cycle, as represented by AAPSE, were similar in
LV-RBR and ND-LVrot cases at the group level. CCW-LV-
RBR cases showed dilated end-systolic AVA dimensions
compared with both CW-LV-RBR cases and subjects with
ND-LVrot. AAPSE was significantly reduced in CW-LV-
RBR cases compared with subjects with CCW-LV-RBR.
Fourth, no differences in basal LV strain were observed be-
tween the healthy subgroups examined. From the perspec-
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tive of a clinician, the most important finding is that 3DSTE
allows not only detailed analysis of LV rotational mechan-
ics, with simultaneous determination of AVA dimensions
and displacement, but also analysis of the relationship be-
tween them. Meanwhile, LV-RBR can be present even
in seemingly healthy individuals and may be associated
with functional LV abnormalities. Moreover, although un-
der normal conditions the base of the LV rotates CW onto
the AVA during end-systole, according to this study, in the
case of CCW-LV-RBR, the opposite rotation occurs. In the
presence of such counter-directional basal LV rotation, the
LV can maintain adequate pump function—as represented
by normal functional parameters—only at the expense of
AVA expansion. Thus, whether this has late-term conse-
quences for the development of any aortic valve pathology
remains uncertain. These findings suggest differences be-
tween CCW- and CW-oriented LV-RBR in AVA dimensions
and function in healthy individuals. However, further stud-
ies in larger healthy populations are required to validate the
present results using other advanced cardiovascular imag-
ing techniques.

Limitations

The following limitations were identified during the
analytical process:

The most important limitation of 3DSTE is image
quality, which is generally lower than that of 2D echocar-
diography because 3D acquisition requires 4—6 cardiac cy-
cles, the probe is relatively large, and respiratory motion or
arrhythmias can also affect image quality [16,17,18,19].

Before conducting the study, it would have been im-
portant to perform a statistical power analysis. However,
only a limited number of healthy subjects with LV-RBR (n
= 10) were included in the present study. While the true
prevalence of LV-RBR in the general healthy population
remains unknown, data from the MAGYAR-Healthy Study
indicate a prevalence of approximately 6% [12]. Increasing
the number of healthy cases with LV-RBR would have im-
proved the power of the statistical analysis; however, such
cases are not feasible due to the rarity of this phenomenon.
Despite the inclusion of healthy subjects in this study, sub-
clinical abnormalities cannot be entirely excluded. More-
over, although all other cardiac chambers and valvular an-
nuli can be examined simultaneously, only the LV and AVA
were investigated. Validation of 3DSTE-derived rotational
parameters was not an objective of this study, given the pre-
viously established validity of these parameters [28,29,30].
Finally, in this study, the ventricular septum was assigned
to the LV, although it remains debatable whether the ven-
tricular septum belongs to the left or right ventricle.

5. Conclusions

Although no differences in AVA dimensions and
AAPSE were observed between subjects with ND-LVrot
and individuals with LV-RBR at the group level, significant
differences in AVA dimensions and AAPSE were found be-
tween CW-LV-RBR and CCW-LV-RBR cases.

Availability of Data and Materials

The data sets generated and analyzed during the cur-
rent study are not publicly available due to local restrictions,
but are available from the corresponding authors on reason-
able request.

Author Contributions

AN—Conceptualization, Methodology, Investiga-
tion, Data curation, Writing — original draft; NA—
Conception, Design of the work, Writing — review & edit-
ing; CL—Conception, Design of the work, Writing — re-
view & editing. All authors read and approved the final
manuscript. All authors have participated sufficiently in
the work and agreed to be accountable for all aspects of the
work.

Ethics Approval and Consent to Participate

The study was approved by the Institutional and Re-
gional Human Biomedical Research Committee of Univer-
sity of Szeged, Hungary (No.: 71/2011), and all healthy
volunteers gave an informed consent. The study was con-
ducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflicts of Interest

The authors declare no conflicts of interest. Attila
Nemes is serving as one of the Editorial Board members and
Guest Editor of this journal. We declare that Attila Nemes
had no involvement in the peer review of this article and
has no access to information regarding its peer review. Full
responsibility for the editorial process for this article was
delegated to Buddhadeb Dawn.

References

[1] Buckberg GD. Basic science review: the helix and the heart.
The Journal of Thoracic and Cardiovascular Surgery. 2002; 124:
863-883. https://doi.org/10.1067/mtc.2002.122439

[2] Armour JA, Randall WC. Structural basis for cardiac function.
The American Journal of Physiology. 1970; 218: 1517-1523.
https://doi.org/10.1152/ajplegacy.1970.218.6.1517

[3] Greenbaum RA, Ho SY, Gibson DG, Becker AE, Anderson RH.

&% IMR Press


https://doi.org/10.1067/mtc.2002.122439
https://doi.org/10.1152/ajplegacy.1970.218.6.1517
https://www.imrpress.com

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Left ventricular fibre architecture in man. British Heart Journal.
1981; 45: 248-263. https://doi.org/10.1136/hrt.45.3.248
Sengupta PP, Korinek J, Belohlavek M, Narula J, Vannan MA,
Jahangir A, et al. Left ventricular structure and function: basic
science for cardiac imaging. Journal of the American College
of Cardiology. 2006; 48: 1988-2001. https://doi.org/10.1016/j.
jacc.2006.08.030

Torrent-Guasp F, Kocica MJ, Corno AF, Komeda M, Carreras-
Costa F, Flotats A, et al. Towards new understanding of the heart
structure and function. European Journal of Cardio-thoracic
Surgery. 2005; 27: 191-201. https://doi.org/10.1016/j.ejcts.
2004.11.026

Nakatani S. Left ventricular rotation and twist: why should we
learn? Journal of Cardiovascular Ultrasound. 2011; 19: 1-6.
https://doi.org/10.4250/jcu.2011.19.1.1

Sengupta PP, Tajik AJ, Chandrasekaran K, Khandheria BK.
Twist mechanics of the left ventricle: principles and applica-
tion. JACC. Cardiovascular Imaging. 2008; 1: 366-376. https:
//doi.org/10.1016/j.jcmg.2008.02.006

Stohr EJ, Shave RE, Baggish AL, Weiner RB. Left ventricular
twist mechanics in the context of normal physiology and car-
diovascular disease: a review of studies using speckle tracking
echocardiography. American Journal of Physiology. Heart and
Circulatory Physiology. 2016; 311: H633-H644. https://doi.or
2/10.1152/ajpheart.00104.2016

Bloechlinger S, Grander W, Bryner J, Diinser MW. Left ven-
tricular rotation: a neglected aspect of the cardiac cycle. Inten-
sive Care Medicine. 2011; 37: 156—163. https://doi.org/10.1007/
s00134-010-2053-8

Omar AMS, Vallabhajosyula S, Sengupta PP. Left ventricular
twist and torsion: research observations and clinical applica-
tions. Circulation. Cardiovascular Imaging. 2015; 8: €003029.
https://doi.org/10.1161/CIRCIMAGING.115.003029

Nemes A, Korméanyos A. Prevalence of left ventricular ’rigid
body rotation’, the near absence of left ventricular twist (in-
sights from the MAGYAR studies). Reviews in Cardiovascular
Medicine. 2022; 23: 5. https://doi.org/10.31083/j.rem2301005
Kormanyos A, Kalapos A, Domsik P, Lengyel C, Forster T,
Nemes A. Normal values of left ventricular rotational pa-
rameters in healthy adults-Insights from the three-dimensional
speckle tracking echocardiographic MAGYAR-Healthy Study.
Echocardiography (Mount Kisco, N.Y.). 2019; 36: 714-721.
https://doi.org/10.1111/echo.14285

Anderson RH. Clinical anatomy of the aortic root. Heart (British
Cardiac Society). 2000; 84: 670—673. https://doi.org/10.1136/he
art.84.6.670

Loukas M, Bilinsky E, Bilinsky S, Blaak C, Tubbs RS, An-
derson RH. The anatomy of the aortic root. Clinical Anatomy
(New York, N.Y.). 2014; 27: 748-756. https://doi.org/10.1002/
ca.22295

Nemes A, Ambrus N, Lengyel C. Does Left Ventricu-
lar Rotational Mechanics Depend on Aortic Valve Annu-
lar Dimensions in Healthy Adults?-A Three-Dimensional
Speckle-Tracking Echocardiography-Derived Analysis from the
MAGYAR-Healthy Study. Biomedicines. 2025; 13: 817. https:
//doi.org/10.3390/biomedicines 13040817

Ammar KA, Paterick TE, Khandheria BK, Jan MF, Kramer C,
Umland MM, et al. Myocardial mechanics: understanding and
applying three-dimensional speckle tracking echocardiography
in clinical practice. Echocardiography. 2012; 29: 861-872. http
s://doi.org/10.1111/1.1540-8175.2012.01712.x

Urbano-Moral JA, Patel AR, Maron MS, Arias-Godinez JA,
Pandian NG. Three-dimensional speckle-tracking echocardiog-
raphy: methodological aspects and clinical potential. Echocar-
diography (Mount Kisco, N.Y.). 2012; 29: 997-1010. https:
//doi.org/10.1111/j.1540-8175.2012.01773.x

&% IMR Press

[18]

[19]

[20

-

[21

—

[22

—

[23

—

[24

[l

[25

—

[26]

[27

—

[28

[l

[29

—

[30

=

Muraru D, Niero A, Rodriguez-Zanella H, Cherata D, Badano
L. Three-dimensional speckle-tracking echocardiography: ben-
efits and limitations of integrating myocardial mechanics with
three-dimensional imaging. Cardiovascular Diagnosis and Ther-
apy. 2018; 8: 101-117. https://doi.org/10.21037/cdt.2017.06.01
Seo Y, Ishizu T, Atsumi A, Kawamura R, Aonuma K. Three-
dimensional speckle tracking echocardiography. Circulation
Journal : Official Journal of the Japanese Circulation Society.
2014; 78: 1290-1301. https://doi.org/10.1253/circj.cj-14-0360
Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Er-
nande L, et al. Recommendations for cardiac chamber quantifi-
cation by echocardiography in adults: an update from the Amer-
ican Society of Echocardiography and the European Association
of Cardiovascular Imaging. European Heart Journal. Cardiovas-
cular Imaging. 2015; 16: 233-270. https://doi.org/10.1093/ehjc
i/jev014

Narang A, Addetia K. An introduction to left ventricular strain.
Current Opinion in Cardiology. 2018; 33: 455-463. https://doi.
org/10.1097/HCO.0000000000000556

Kleijn SA, Aly MFA, Terwee CB, van Rossum AC, Kamp O. Re-
liability of left ventricular volumes and function measurements
using three-dimensional speckle tracking echocardiography. Eu-
ropean Heart Journal. Cardiovascular Imaging. 2012; 13: 159—
168. https://doi.org/10.1093/ejechocard/jer1 74

Nemes A, Kormanyos A, Kalapos A, Domsik P, Gyenes N,
Ambrus N, et al. Normal reference values of left ventricular
strain parameters in healthy adults: Real-life experience from
the single-center three-dimensional speckle-tracking echocar-
diographic MAGYAR-Healthy Study. Journal of Clinical Ultra-
sound. 2021; 49: 368-377. https://doi.org/10.1002/jcu.22940
Nemes A, Bordacs B, Ambrus N, Lengyel C. Simultaneous As-
sessment of Left Ventricular Volumes and Aortic Valve Annular
Dimensions by Three-Dimensional Speckle-Tracking Echocar-
diography in Healthy Adults from the MAGYAR-Healthy
Study-Is There a Relationship? Life. 2025; 15: 742. https:
//doi.org/10.3390/1ife15050742

Nemes A, Ambrus N, Lengyel C. Normal reference values of
three-dimensional speckle-tracking echocardiography-derived
aortic valve annular dimensions in healthy adults-a detailed anal-
ysis from the MAGYAR-Healthy Study. Quantitative Imaging in
Medicine and Surgery. 2025; 15: 6776-6786. https://doi.org/10.
21037/qims-2025-172

Nemes A, Ambrus N, Lengyel C. The Dimensions of the Aortic
Valve Annulus Are Not Associated with Systolic Excursion of
Its Plane in the Same Healthy Adults: Detailed Insights from
the Three-Dimensional Speckle-Tracking Echocardiographic
MAGYAR-Healthy Study. Journal of Clinical Medicine. 2025;
14: 5760. https://doi.org/10.3390/jcm14165760

Voigt JU, Pedrizzetti G, Lysyansky P, Marwick TH, Houle
H, Baumann R, et al. Definitions for a common standard for
2D speckle tracking echocardiography: consensus document of
the EACVI/ASE/Industry Task Force to standardize deforma-
tion imaging. European Heart Journal. Cardiovascular Imaging.
2015; 16: 1-11. https://doi.org/10.1093/ehjci/jeul 84

Ashraf M, Myronenko A, Nguyen T, Inage A, Smith W, Lowe
RI, et al. Defining left ventricular apex-to-base twist mechan-
ics computed from high-resolution 3D echocardiography: vali-
dation against sonomicrometry. JACC. Cardiovascular Imaging.
2010; 3: 227-234. https://doi.org/10.1016/j.jcmg.2009.09.027
Zhou Z, Ashraf M, Hu D, Dai X, Xu Y, Kenny B, et al. Three-
dimensional speckle-tracking imaging for left ventricular rota-
tion measurement: an in vitro validation study. Journal of Ultra-
sound in Medicine. 2010; 29: 903-909. https://doi.org/10.7863/
jum.2010.29.6.903

Andrade J, Cortez LD, Campos O, Arruda AL, Pinheiro J, Vulca-
nis L, et al. Left ventricular twist: comparison between two- and


https://doi.org/10.1136/hrt.45.3.248
https://doi.org/10.1016/j.jacc.2006.08.030
https://doi.org/10.1016/j.jacc.2006.08.030
https://doi.org/10.1016/j.ejcts.2004.11.026
https://doi.org/10.1016/j.ejcts.2004.11.026
https://doi.org/10.4250/jcu.2011.19.1.1
https://doi.org/10.1016/j.jcmg.2008.02.006
https://doi.org/10.1016/j.jcmg.2008.02.006
https://doi.org/10.1152/ajpheart.00104.2016
https://doi.org/10.1152/ajpheart.00104.2016
https://doi.org/10.1007/s00134-010-2053-8
https://doi.org/10.1007/s00134-010-2053-8
https://doi.org/10.1161/CIRCIMAGING.115.003029
https://doi.org/10.31083/j.rcm2301005
https://doi.org/10.1111/echo.14285
https://doi.org/10.1136/heart.84.6.670
https://doi.org/10.1136/heart.84.6.670
https://doi.org/10.1002/ca.22295
https://doi.org/10.1002/ca.22295
https://doi.org/10.3390/biomedicines13040817
https://doi.org/10.3390/biomedicines13040817
https://doi.org/10.1111/j.1540-8175.2012.01712.x
https://doi.org/10.1111/j.1540-8175.2012.01712.x
https://doi.org/10.1111/j.1540-8175.2012.01773.x
https://doi.org/10.1111/j.1540-8175.2012.01773.x
https://doi.org/10.21037/cdt.2017.06.01
https://doi.org/10.1253/circj.cj-14-0360
https://doi.org/10.1093/ehjci/jev014
https://doi.org/10.1093/ehjci/jev014
https://doi.org/10.1097/HCO.0000000000000556
https://doi.org/10.1097/HCO.0000000000000556
https://doi.org/10.1093/ejechocard/jer174
https://doi.org/10.1002/jcu.22940
https://doi.org/10.3390/life15050742
https://doi.org/10.3390/life15050742
https://doi.org/10.21037/qims-2025-172
https://doi.org/10.21037/qims-2025-172
https://doi.org/10.3390/jcm14165760
https://doi.org/10.1093/ehjci/jeu184
https://doi.org/10.1016/j.jcmg.2009.09.027
https://doi.org/10.7863/jum.2010.29.6.903
https://doi.org/10.7863/jum.2010.29.6.903
https://www.imrpress.com

[31]

[32]

three-dimensional speckle-tracking echocardiography in healthy
volunteers. European Journal of Echocardiography. 2011; 12:
76-79. https://doi.org/10.1093/ejechocard/jeql 11

Vitarelli A, Capotosto L, Miraldi F, Mukred K, Francone
M, Galea N, et al. Biventricular interaction and aortic func-
tion in adult patients with repaired tetralogy of Fallot: a
two-dimensional-three-dimensional speckle-tracking echocar-
diographic study. European Heart Journal. Imaging Methods and
Practice. 2024; 2: qyae015. https://doi.org/10.1093/ehjimp/qya
e015

Wang Y, Li H, Ma S, Fan J, Chen Y, Zhang M, et al. Assessing
Left Ventricular Systolic Function in Patients with Pregnancy-
Induced Hypertension Using Three-Dimensional Speckle Track-
ing Technology. Alternative Therapies in Health and Medicine.
2024; 30: 185-189.

[33]

[34]

Silva RC, Mariani J, Falcdo BAA, Esteves Filho A, Nomura CH,
de Avila LFR, et al. Differences between systolic and diastolic
dimensions of the aortic valve annulus in computed tomogra-
phy angiography in patients undergoing percutaneous implan-
tation of aortic valve prosthesis by catheter. Revista Brasileira
de Cardiologia Invasiva (English Edition). 2015; 23: 130-133.
https://doi.org/10.1016/j.rbciev.2015.12.012

Tamborini G, Fusini L, Muratori M, Cefalu C, Gripari P, Ali
SG, etal. Feasibility and accuracy of three-dimensional transtho-
racic echocardiography vs. multidetector computed tomogra-
phy in the evaluation of aortic valve annulus in patient candi-
dates to transcatheter aortic valve implantation. European Heart
Journal. Cardiovascular Imaging. 2014; 15: 1316-1323. https:
//doi.org/10.1093/ehjci/jeul 57

&% IMR Press


https://doi.org/10.1093/ejechocard/jeq111
https://doi.org/10.1093/ehjimp/qyae015
https://doi.org/10.1093/ehjimp/qyae015
https://doi.org/10.1016/j.rbciev.2015.12.012
https://doi.org/10.1093/ehjci/jeu157
https://doi.org/10.1093/ehjci/jeu157
https://www.imrpress.com

	1. Introduction
	2. Subjects and Methods
	2.1 Population of Healthy Subjects
	2.2 Two-dimensional Doppler Echocardiography
	2.3 Three-dimensional Speckle-tracking Echocardiography
	2.4 Statistical Analysis

	3. Results
	3.1 Clinical Data and 2D Doppler Echocardiography
	3.2 Quality of 3DSTE-derived Datasets
	3.3 Statistical Tests
	3.4 AVA Parameters
	3.5 Intra- and Inter-observer Variability of 3DSTE-derived Variables

	4. Discussion
	Limitations

	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	References

